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STRUCTURE AND METHOD FOR 
ELIMINATING TIME DEPENDENT 

DIELECTRIC BREAKDOWN FAILURE OF 
LOW-K MATERIAL 

BACKGROUND OF INVENTION 

The present invention relates generally to semiconductor 
device processing and, more particularly, to a structure and 
method for eliminating time dependent dielectric breakdown 
failure of loW-k material. 

In the fabrication of integrated circuit devices, it is often 
desirable to isolate individual components of the integrated 
circuits from one another With insulative materials. Such 
insulative materials may include, for example, silicon 
dioxide, silicon nitride and silicon carbide. While these 
materials may have acceptable insulating properties in many 
applications, they also have relatively high dielectric 
constants, Which can lead to capacitive coupling betWeen 
proximate conductive elements. This is particularly 
disadvantageous, given the ever-decreasing distances 
betWeen conductive circuit elements, and the use of multi 
layered structures. An unnecessary capacitive coupling 
betWeen adjacent Wires increases the RC time delay of a 
signal propagated therethrough, resulting in decreased 
device performance. Thus, for speci?c applications, insulat 
ing materials having relatively loW dielectric constants (e.g., 
k<3) are desired. In very large scale integrated circuit 
(VLSI) technology, silicon dioxide (SiO2) has been tradi 
tionally used as an interlevel dielectric (ILD) material in 
conjunction With aluminum interconnect material. More 
recently, signi?cant advancements have been made to 
enhance circuit performance by replacing the SiO2 With a 
“loW-k” dielectric and by using copper (higher conductivity) 
interconnect. 

Certain organic polymers are knoWn in the semiconductor 
manufacturing industry for their loW-k dielectric properties; 
these polymers are often used for intermetallic insulation in 
damascene structures. These polymers are generally classi 
?ed as aromatic thermosets, polyarylene ethers and 
crosslinked polyphenylene polymers, including loW-k 
organic and/or non-organic, porous or non-porous dielectric 
materials. The loW-k dielectric is typically applied to semi 
conductor Wafers by spin-on coating in a Wafer track, similar 
to the process used in the application of photolithography 
resist. Alternatively, it may be deposited by a chemical vapor 
deposition (CVD) process. 

HoWever, the integration of an all loW-k dielectric in 
semiconductor manufacturing has presented several chal 
lenges such as, for example, the effects of time dependent 
dielectric breakdoWn (TDDB). TDDB has been a substantial 
reliability concern in the formation of back end of line 
(BEOL) interconnect structures, When using a loW-k dielec 
tric in conjunction With copper metalliZation. HoWever, the 
leakage current increases over time to a level suf?cient to 
cause dielectric breakdoWn, and eventually circuit failure 
could occur over the lifetime of the device. This mode of 
failure is substantially absent in case of oxide dielectrics, but 
is predominant in copper interconnects formed Within loW-k 
dielectrics used as interlevel dielectric. Accordingly, it is 
desirable to be able to utiliZe a loW-k dielectric material With 
a diffusive metalliZation material, While also preventing 
TDDB concerns. 

SUMMARY OF INVENTION 

The foregoing discussed draWbacks and de?ciencies of 
the prior art are overcome or alleviated by an interconnect 
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2 
structure for a device. A metalliZation line is formed Within 
a loW-k dielectric material, the metalliZation line being 
surrounded on bottom and side surfaces thereof by a liner 
material. An embedded dielectric cap is formed over a top 
surface of the metalliZation line, Wherein the embedded 
dielectric cap has a sufficient thickness so as to separate a top 
surface of the liner material from a hardmask layer formed 
over the loW-k dielectric material. 

In another aspect, a back end of line (BEOL) interconnect 
structure for a semiconductor device includes a trench 
formed Within a loW-k dielectric material and a liner mate 
rial formed Within the trench. A metalliZation line formed 
Within the trench, the metalliZation line being surrounded on 
bottom and side surfaces thereof by the liner material. An 
embedded dielectric cap is formed in the trench and over a 
top surface of the metalliZation line, Wherein the embedded 
dielectric cap has a sufficient thickness so as to separate a top 
surface of the liner material from a hardmask layer formed 
over the loW-k dielectric material. 

In still another aspect, a method for forming an intercon 
nect structure includes de?ning a trench Within a loW-k 
dielectric material and forming a liner material Within the 
trench. Aconductive metalliZation material is formed Within 
the trench and over the liner, and a portion of the metalli 
Zation material and the liner material is removed from the 
trench. An embedded dielectric cap is formed in the trench 
and over a top surface of the metalliZation material and the 
liner material, Wherein the metalliZation material is sur 
rounded on bottom and side surfaces thereof by the liner 
material, and surrounded on a top surface thereof by the 
embedded dielectric cap. 

BRIEF DESCRIPTION OF DRAWINGS 

Referring to the exemplary draWings Wherein like ele 
ments are numbered alike in the several Figures: 

FIG. 1 is a cross sectional vieW of an existing BEOL 
interconnect structure featuring copper metalliZation lines 
formed Within an interlevel dielectric: 

FIG. 2 is a cross sectional vieW of a novel interconnect 
structure having an embedded dielectric cap formed over a 
copper line, in accordance With an embodiment of the 
invention; and 

FIGS. 3(a)—3(f) illustrate an exemplary processing 
sequence used to form an interconnect structure as shoWn in 
FIG. 2, in accordance With a further embodiment of the 
invention. 

DETAILED DESCRIPTION 

Referring initially to FIG. 1, there is shoWn an existing 
BEOL interconnect structure 100 featuring an illustrative 
pair of copper metalliZation lines formed Within a loW-k 
interlevel dielectric. As Will be appreciated by those skilled 
in the art, one or more trenches 102 are initially formed 
Within a loW-k interlevel dielectric 104 through the use of 
standard lithography and reactive etching (RE) processes. 
The interconnect lines are subsequently formed by a physi 
cal vapor deposition (PVD) of a liner material 106 (e.g., a 
refractory metal such as Tantalum (Ta), Titanium (Ti), 
Tungsten (W), or other suitable barrier material such as TaN) 
in the trenches 102, folloWed by a copper (Cu) seed layer 
108. The seed layer 108, generally of copper (Cu), acts as an 
electrode for subsequent electroplating of the copper line 
metalliZation material 110. 
As can be seen from FIG. 1, the copper line material 110 

is enclosed by the liner 106 on three sides; i.e., the left, right 
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and the bottom surfaces thereof. Ahardmask material 112 is 
used for lithographic de?nition of subsequently formed 
trenches, as Well as to protect loW-k interlevel dielectric 
(ILD) damage during chemical mechanical polishing 
(CMP). The hardmask 112 may include, for example, SiO2, 
silicon nitride (SiN), silicon carbide (SiC), and intersects the 
lateral top surfaces of the copper line enclosed by the liner 
106, While the topmost surface of the copper line 110 is 
covered by a thin layer of dielectric material 114. The cap 
material 114 prevents copper diffusion into the surrounding 
loW-k dielectric material 104, as Well as to enhance the 
adhesion betWeen the copper lines and the loW-k dielectric. 
As stated previously, the TDDB related leakage under the 

in?uence of an electric ?eld is believed to be caused by the 
migration of Cu ions from one line to another. In one respect, 
there has been a signi?cant advancement in liner coverage in 
recent years With neW processes such as ioniZed metal 
plasma (IMP), self-ioniZed plasma (SIP), and holloW cath 
ode magnetron (HCM) processes. Thus, the sideWall cov 
erage and the integrity of the liner 106 are quite satisfactory 
given these processes, and as such, the migration of copper 
directly through the liner barrier is unlikely to occur. On the 
other hand, the same cannot be said With regard to migration 
of Cu proximate the top surface of the line, Which is in fact 
believed to be the primary source of the leakage problem. 
More speci?cally, the CMP process used to remove excess 
conductor and liner material may create areas of local 
damage to the liner 106 at the top of the line such that Cu 
ions could migrate through the loW-k/hardmask interface or 
directly through the loW-k dielectric medium. Alternatively, 
copper migration could also occur at the interface of the 
hardmask layer 112 and cap layer 114 at the top of the line. 
Furthermore, Cu contaminants could be trapped along the 
hardmask-cap interfaces at speci?c defect sites created by, 
for example, scratches generated by the CMP process. The 
migration of Cu along such interfaces under an electric ?eld 
can also be a potential source of leakage. 

Therefore, in accordance With an embodiment of the 
invention, FIG. 2 illustrates a novel BEOL interconnect 
structure 200 Which suppresses copper migration at either of 
the above mentioned interfaces. Brie?y stated, the structure 
200 features an embedded dielectric cap 202 formed atop the 
line material, thereby eliminating the migration of copper 
through the top of the liner 106, as Well as through the loW-k 
dielectric/hardmask interface. The embedded cap structure 
may be achieved by a suitable chemical or RE etching of the 
copper line material 110 after CMP thereof to form a 
recessed top copper surface surface. The liner removal in the 
recessed area is optional; if desired, the liner could be 
removed by a suitable chemical or RIE process. 
Subsequently, the embedded dielectric cap 202 can be 
deposited and then planariZed by CMP. 
Any suitable material such as High Density Plasma 

(HDP) Silicon Nitride, Ultraviolet (UV) Silicon Nitride, or 
Plasma Enhanced CVD (PECVD) Silicon Nitride could be 
used for the embedded dielectric cap 202. This cap 202 
serves to eliminate a leakage current path betWeen the 
copper metalliZation and any conductive material embedded 
as defects on top of the hardmask layer 112 or the ILD 104 
due to process induced defects, such as chemical mechanical 
polishing. The cap 202 also enhances adhesion betWeen the 
copper lines and a subsequently formed cap layer 114. 

After the embedded cap 202 is formed, the existing 
process steps may then be used to deposit cap layer 114 on 
the top surface. In the disclosed embodiment, the top of the 
copper line 110 is covered With the embedded dielectric cap 
202, also formed Within the trench 102. The thickness of the 
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embedded dielectric cap 202 should be sufficient so as to 
extend beloW the level of the hardmask layer 112 by about 
200 to about 500 angstroms In this con?guration, the 
copper material in the line 110 is completely surrounded by 
the liner 106 on the bottom and side surfaces thereof, and 
also by the dielectric cap 202 on the top surface thereof. 
Thus, the migration of copper ions through either the loW-k 
ILD/hardmask interface or the hardmask/cap interface is 
eliminated. In addition, since there is no electric ?eld present 
in the vertical direction, the migration of copper ions 
through the hardmask layer 112 and the embedded dielectric 
interface at the top of the line 108 is also eliminated. 

FIGS. 3(a) through 3()‘) illustrate an exemplary processing 
sequence used to form an interconnect structure similar to 
that shoWn in FIG. 2, in accordance With a further embodi 
ment of the invention. In particular, FIGS. 3(a)—3(f) illus 
trate the formation of the embedded cap in connection With 
a dual damascene process of via and line de?nition. 

As shoWn in FIG. 3(a), both a line (trench) opening 302 
and a via opening 304 are patterned and formed Within the 
loW-k ILD material 104 and the hardmask layer 112 atop the 
ILD 104. It Will be appreciated that the embodiment 
depicted herein may represent any of a number of particular 
levels of metalliZation Within the semiconductor device. 
Thus, if the line to be formed in trench opening 302 
represents the ?rst metalliZation level (M1), then the via to 
be formed Within via opening 304 is a contact area (CA) 
stud, and the area 306 beloW ILD 104 represents an active 
area substrate of the device. On the other hand, the trench 
opening 302 could also represent a higher metalliZation 
level, in Which case area 306 could then represent a loWer 
metalliZation level in the device. 

FIG. 3(b) illustrates the device folloWing dual damascene 
deposition (e.g., by copper plating) and planariZation of the 
liner material 106, seed layer 108 and copper metalliZation 
110. Up to this point, the device has been fabricated in 
accordance With conventional techniques, With the top of the 
liner 106 and copper metalliZation being level With the 
hardmask layer 112. HoWever, as shoWn in FIG. 3(c), a top 
portion of the line material 110 has been recessed by reactive 
ion etching (RIE) and/or a suitable chemical etching process 
to form a trench 308. As indicated previously, the trench 308 

extends to a depth of about 200 to about 500 AEI beloW the 
bottom of hardmask layer 112. Then, as shoWn in FIG. 3(a'), 
an embedded capping material 310 is blanket deposited so as 
to cover the trench 308. 

The capping material 310, as stated above, may be a 
silicon nitride material deposited by HDP, UV or PECVD 
techniques, for example. Once deposited, the capping mate 
rial is then planariZed doWn to the level of the hardmask 112, 
thereby forming the embedded cap 202. This is shoWn in 
FIG. 3(e). Finally, FIG. 3()‘) illustrates the deposition of the 
cap layer 114 over the hardmask 112 and neWly formed 
embedded cap 202. 
As Will be appreciated, the above discussed method and 

structure provides an embedded dielectric cap located at the 
top of a metalliZation line such that the cap extends beloW 
the bottom surface of the hardmask, and thus the level of the 
electric ?eld. As such, the driving force for TDDB and 
leakage is eliminated across hardmask/cap and hardmask/ 
loW-k dielectric interfaces. Again, such interfaces are poten 
tial sources of the TDDB problem due to the presence of 
induced defects, scratches, and metallic contaminants at the 
interfaces. By removing the presence of an electric ?eld 
across these interfaces, the concerns of TDDB or leakage 
failure are effectively-eliminated. 
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While the invention has been described With reference to 
a preferred embodiment or embodiments, it Will be under 
stood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof Without departing from the scope of the invention. In 
addition, many modi?cations may be made to adapt a 
particular situation or material to the teachings of the 
invention Without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode con 
templated for carrying out this invention, but that the inven 
tion Will include all embodiments falling Within the scope of 
the appended claims. 
What is claimed is: 
1. An interconnect structure for a semiconductor device, 

comprising: 
a metalliZation line formed Within a loW-k dielectric 

material, said metalliZation line being surrounded on 
bottom and side surfaces thereof by a liner material; 

a hardmask layer formed over said loW-k dielectric mate 

rial; 
an embedded dielectric cap formed over a top surface of 

said metalliZation line, said embedded dielectric cap 
being planariZed doWn to the level of said hardmask 
layer; and 

a continuous cap layer, formed over said hardmask layer 
and the top of said embedded dielectric cap; 

Wherein said embedded dielectric cap has a sufficient 
thickness so as to separate a top surface of said liner 
material from said hardmask layer. 

2. The interconnect structure of claim 1, wherein said 
metalliZation line comprises copper. 

3. The interconnect structure of claim 1, Wherein said 
embedded dielectric cap is formed at a thickness so as to 
eXtend beloW said hardmask layer by about 200 to about 500 
angstroms 

4. The interconnect structure of claim 1, Wherein said 
loW-k dielectric material comprises an organic polymer. 

5. Aback end of line (BEOL) interconnect structure for a 
semiconductor device, comprising: 

a trench formed Within a loW-k dielectric material; 

a liner material formed Within said trench; 

a metalliZation line formed Within said trench, said met 
alliZation line being surrounded on bottom and side 
surfaces thereof by said liner material; 

a hardmask layer formed over said loW-k dielectric mate 

rial; 
an embedded dielectric cap formed in said trench and over 

a top surface of said metalliZation line, said embedded 
dielectric cap being planariZed doWn to the level of said 
hardmask layer; and 

a continuous cap layer, formed over said hardmask layer 
and the top of said embedded dielectric cap; 
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Wherein said embedded dielectric cap has a sufficient 

thickness so as to separate a top surface of said liner 
material from said hardmask layer. 

6. The BEOL interconnect structure of claim 5, Wherein 
said metalliZation line comprises copper. 

7. The BEOL interconnect structure of claim 5, Wherein 
said embedded dielectric cap is formed at a thickness so as 
to eXtend beloW said hardmask layer by about 200 to about 
500 angstroms 

8. The BEOL interconnect structure of claim 5, Wherein 
said embedded dielectric cap further comprises silicon 
nitride. 

9. The BEOL interconnect structure of claim 5, Wherein 
said loW-k dielectric material comprises an organic polymer. 

10. A method for forming an interconnect structure, the 
method comprising: 

de?ning a trench Within a loW-k dielectric material, said 
loW-k dielectric material having a hardmask layer 
formed thereupon; 

forming a liner material Within said trench; 
forming a conductive metalliZation material Within said 

trench and over said liner material; 
removing a portion of said metalliZation material and said 

liner material from said trench; 
forming an embedded dielectric cap in said trench and 

over a top surface of said metalliZation material and 
said liner material, said embedded dielectric cap being 
planariZed doWn to the level of said hardmask layer; 
and 

forming a continuous cap layer over said hardmask layer 
and the top of said embedded dielectric cap; 

Wherein said metalliZation material is surrounded on 
bottom and side surfaces thereof by said liner material, 
and surrounded on a top surface thereof by said embed 
ded dielectric cap. 

11. The method of claim 10, Wherein said embedded 
dielectric cap has a sufficient thickness so as to separate said 
top surface of said liner material from a hardmask layer 
formed over said loW-k dielectric material. 

12. The method of claim 11, Wherein said embedded 
dielectric cap is formed at a thickness so as to eXtend beloW 
said hardmask layer by about 200 to about 500 angstroms 
(A). 

13. The method of claim 10, Wherein said loW-k dielectric 
material comprises an organic polymer. 

14. The method of claim 13, Wherein said metalliZation 
material comprises copper. 

15. The method of claim 10, Wherein said embedded 
dielectric cap comprises silicon nitride. 

16. The method of claim 15, Wherein said embedded 
dielectric cap is formed by one of: High Density Plasma 
(HDP) Silicon Nitride deposition, Ultraviolet (UV) Silicon 
Nitride deposition, and Plasma Enhanced CVD (PECVD) 
Silicon Nitride deposition. 

* * * * * 


